In contrast to mycoplasma virus Li and L2 circular DNA, mycoplasma virus L3 linear DNA is not biologically active in polyethylene glycol-mediated transfection. Electroporation of Acholeplasma laidlawii, however, leads to plaque formation after incubation with L3 DNA. The efficiency of electroporation-mediated transfection is 1/10 that of polyethylene glycol-mediated transfection as estimated with Li DNA. Trypsin treatment of cells before DNA addition increases the efficiency of DNA uptake.
In contrast to mycoplasma virus Li and L2 circular DNA, mycoplasma virus L3 linear DNA is not biologically active in polyethylene glycol-mediated transfection. Electroporation of Acholeplasma laidlawii, however, leads to plaque formation after incubation with L3 DNA. The efficiency of electroporation-mediated transfection is 1/10 that of polyethylene glycol-mediated transfection as estimated with Li DNA. Trypsin treatment of cells before DNA addition increases the efficiency of DNA uptake.
Acholeplasma laidlawii can be transfected with the circular DNA of mycoplasma viruses Li and L2. Both singlestranded LI DNA (1.5 x 106 daltons) and its doublestranded replicative intermediate form I (covalently closed circular DNA) are successfully taken up and expressed, as shown by resulting biological activity (4) . Double-stranded superhelical L2 DNA (7.8 x 106 daltons) isolated from virus particles is 10 times more efficient in transfection than the linearized form (8) . However, transfection with doublestranded linear mycoplasma virus L3 DNA (26 x 106 daltons) has never been reported (7) . It has been assumed that both its high molecular weight in comparison with those of Li and L2 and its linear state prevent uptake and subsequent expression in A. laidlawii.
Fusion and poration of living cells by means of high electrostatic fields have been reported for bacterial as well as for eucaryotic systems (5) . Modification of the membrane structure upon discharge allows even large DNA molecules to enter the cell. Raising the voltage and time constant of the electrical pulse enhances DNA uptake but might also result in cell death. Maximum efficiency of transfection in systems other than A. laidlawii was achieved under conditions in which half of the cells were destroyed (6) . Up to now, there has been no indication that there is a preexisting precompetent subpopulation of A. laidlawii. We believe that, upon electroporation, some cells are able to take up and express viral DNA while others are unaffected or irreversibly damaged.
The strains of A. laidlawii used were JAl (4), K2 (3), and Ul (Ulm), a K2 derivative resistant to mycoplasma virus Li. Viruses used were mycoplasma viruses L3 (2) and Li (1). Culture media and virus buffers were as described elsewhere (3) . Viruses were assayed in PFU in soft agar overlays of A. laidlawii on tryptose agar plates. DNA was isolated as described elsewhere for L3 (3) and Li (9) . Electroporation buffer was 8 mM N-2-hydroxyethylpiperazine-N'-2-ethanesulfonic acid (HEPES) (pH 7.4)-272 mM sucrose. Trypsin (Biochrom, Berlin, Federal Republic of Germany) supplied in phosphate-buffered saline without Mg2+ or Ca2+ was used in a final concentration of 0.25%. Buffers and solutions for polyethylene glycol (PEG) -mediated transfection were used as described elsewhere (8 Improved results were achieved after the cell concentration was changed. For this purpose, overnight cultures in tryptose medium were centrifuged at 10,000 x g for 25 min at 4°C. Cells were suspended in a minimal volume of electroporation buffer. Various cell concentrations were used, and the effects of different trypsin concentrations were studied. Ul cultures of distinct cell densities (determined by A600) were obtained by dilution of primarily concentrated overnight cultures. Therefore, they did not represent cultures of different ages. In this experiment, the pulses were set at 2,500 V throughout. The capacitance was kept constant at 25 ,uF (maximum capacitance of the device). Figure  1 shows the biological activity of L3 DNA in transfection (PFU) as a function of cell density. Maximum efficiency of transfection resulted at an A600 of 1.8 to 2.0.
A further increase in transfection efficiency resulted from treatment with trypsin at a final concentration of 0.25%, even though the number of viable cells was reduced. For strains JAl and Ul, optimum transfection with L3 DNA was observed after 10 min of trypsinization at an A6. of 1.8 (Fig.   2 ). The efficiency of PEG-mediated transfection (8, 9) can be directly compared with that of electroporation for Li replicative-form I DNA. The PEG concentration was 36%. JAl cells were used at an A60 of 1.8. For electroporation, 2,500 V at 25 ,uF was applied. Trypsin treatment (0.25%) was for 10 min at 37°C. Figure 3 shows the dose-response curves obtained for the two transfection procedures. Transfection mediated by PEG proved to be about 10 times more efficient than transfection by discharge. In both cases, saturation levels were not reached, even though DNA concentrations were high (up to 50 ,ug/ml). The resulting efficiency of On the other hand, high cell concentrations decrease the resistance of the transfection sample, which results in an electrical pulse too short to produce channels in the membranes of the target cells. By using cultures at an A600 of 1.8 to 2.0 (about 2 x 109 cells per ml), the effect of trypsin upon uptake of transfecting viral DNA was examined. A maximum of transfection was obtained after trypsin incubation for 10 min (Fig. 2) . Protein digestion was intended to eliminate charged components from the cell surface to lengthen the duration of the pulse. Even though the resulting increase in duration was not very large (pulse duration was 18 and 22 ms without and with trypsinization, respectively), the efficiency of transfection was increased remarkably (16-fold). We assume that trypsin digests membrane proteins and thereby facilitates the breakdown of protein domains (10) within the cell membrane.
